In this study we use spectroscopy and x-ray imaging to investigate the macroscopic plasma flow in mm-sized laser-produced hohlraum plasmas.
X-ray Diagnostics of Hohlraum Plasma Flow
In this study we use spectroscopy and x-ray imaging to investigate the macroscopic plasma flow in mm-sized laser-produced hohlraum plasmas.
-By using multiple diagnostics to triangulate the emission on a single experiment, we can pinpoint the position of dopants placed inside the hohlraum. X-ray emission from the foil has been used in the past to measure electron temperature. Here we analyze the spatial movement of dopant plasmas for comparison to hydrodynamic calculations.
Modeling of hohlraums is essential to the design of targets for inertial confinement fusion research. The non-planar, convergent geometry of the targets has led to the use of "integrated" modeling which is necessary to correctly determine the radiation fields that drive the fusion process. Recent measurements have found discrepancies in radiation drive as measured by the radiation temperature, Tr. During the beginning of a shaped 2.2 IIS pulse, the measured Tr is found to be higher than calculated by hydrodynamic calculations , while at the end the TI. is lower.1
Recently, electron temperatures of the confined laser-produced plasmas have been measured.2 These targets typically achieve electron temperatures that temporally evolve from 2 to 4 keV and electron densities -10 21 cm-3. We have found that the laser heating of these small targets produces significant time-dependent effects. Also recent measurements have found some inconsistencies between the experimental temperature and the modeling.
The study of the plasma flow aids in the interpretation of the hohlraum environment because the confined geometry and the shaped laser pulse affect the macroscopic motion of the plasma.
Measurements of these targets are difficult due to obstructed lines-ofsight and rapidly changing conditions. Nevertheless, knowledge of the spatial position is important for proper comparisons with simulations.
In these experiments, X-ray emission of a dopant plasma are tracked by x-ray spectrometers and x-ray imagers. Dopants are good "markers" for tracking because they provide local information of the plasma without causing large perturbations. The dopants are 2000 A deposits of TiCr which produce emission in the 2.8 to 1.8 8, regime. For our plasma conditions, they are quickly ablated and entirely vaporized in < 300 ps. Since the emission comes from the K-shell of Ti and Cr, the emission volume is not extremely sensitive to expected changes in the plasma conditions. Therefore, it is useful to track local movement from a known initial position.
The targets were scale-1 hohlraums that were 2.75 pm long and 1.6 mm in diameter. Laser beams enter into the ends of the cylindrical By using multiple diagnostics to triangulate the x-ray emission, we can determine the position of the dopants placed inside the hohlraum with an accuracy of 75 pm. The diagnostics are a combination of streaked and gated x-ray pinhole cameras4 and gated x-ray spectrometers.5 The pinhole cameras provide x-ray images of the dopant foil and the expanding plasma, while spectrometers provide spatial information in one-dimension and spectral information in the perpendicular dimension.
The advantage of using spectrometers is that it allows us to distinguish between background x-rays from the Au wall and the dopant x-rays. In the demonstration of this technique, we will take a target in which the foil is placed in the beam path on one side of the hohlraum. A single line-of-sight is not sufficient to determine the plasma motion because the plasma may be moving axially as well as radially. To triangulate the motion, three spectrometers are positioned to have resolution in orthogonal directions. These will be specified as view A, B, and C. An example of the data is shown in figure 3 . The emission from the two foils move symmetrically towards the center of the hohlraum. By the end of the laser pulse, at 2 ns, the two plasmas merge into one at the hohlraum axis.
The third line-of-sight (View C) was perpendicular to the hohlraum axis. In this dimension, an x-ray streak camera was used to record the emission above 2.5 keV through a diagnostic hole in the hohlraurns. The edge-on view of the dopant allows a measurement of the x-ray emission along the hohlraum axis. In this direction, the spatial motion is not expected to be large. Therefore used a x-ray pinhole streak camera for high spatial resolution. This detector used one dimension for temporal resolution and the other for 10 X spatial magnification. The pinhole was filtered for x-rays > 2.5 keV. The data are shown in figure-4 where the edge of the foil is clearly visible at x = 0.9 mm. The edge of the foil remains stationary throughout the laser pulse. Background emission does start to become a problem late in time because it is not spectrally resolved from the foil emission.
Based on this data, we find there is no large shift in the center-of-mass of the target along the hohlraum axis.
The three views, A, B, and C, of the dopant plasma show that the plasma dopant moves radially towards the center of the hohlraum.
View A and B distinctly show the movement of the dopant towards the center, while view C eliminates motion out of the laser entrance hole. The radial motion is shown in Figure 5 as a function of time for two different gas filled targets. The initial position of the dopant edge is at 600 pm because this is the radius of the hohlraum laser entrance hole. The dopant in the higher density gas, propane, mores more slowly towards the center than the dopant in the methane gas. At 1.5 ns which corresponds to the peak of the pulse, we find the that the methane allows the Au to expand at a rate 1.4 times as fast as the propane. These results are consistent with the higher density gas holding back Au plasma which pushes in from the wall of the hohlraum.
In conclusion, this technique of triangulation can be used to quantify the plasma flow. In this case, measuring the movement of bulk plasmas is important for understanding related measurements of electron temperature in these scale-1 hohlraums. Calculations do show movement of the dopant towards the center of the hohlraum and comparisons are in progress. Understanding the plasma flow will help in the study of the Au/gas interface motion as well as in the electron temperature measurements. We are continuing to develop these techniques to enable better comparisons of simulations to measurements. 
